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Wind power has recently become a viable alternative to conventional fossil fuels
for electricity generation because of decreasing costs and the presence of various
supportive policy incentives. Pressing environmental issues and concerns about energy
security have also prompted interest in wind power as an alternative fuel source. Though
less than one percent of the United States electricity supply currently comes from wind
power, state policy incentives have the potential to promote the development of the
significant wind resources found throughout the United States (American Wind Energy
Association 2003).
Using a large data set that combines i.nfonnation on installed wind capacity with
detailed information on the various policy incentives individual states have enacted, this
paper examines the effectiveness of various policy incentives on state wind power
dcvelopment. It tests the hypothesis that the presence of policy incentives will not only
have a positive influence on a state's decision to install wind energy capacity, but also on
how much capacity a state installs. Different physical variables and socia-economic
indicators are also used to control for factors other than state polices that have played a
role. Regression analyses and Tobit analysis allow an assessment of the importance of
each variable as well as the degree of confidence that can be associated with these
findings.
This paper offers important insights into state's decisions to develop wind power.
Se"eral policies that have a particularly strong influence on wind power development are
identified as well as many other policies that show some influence. Case studies provide
additional insight into the specifics of not only how these policies work, but also the
preconditions that help them work well. Tbis combination of empirical work bolstered

with case studies demonstrates not only that state policies are important to supporting
wind power development, but also that all pohces are not equal in [heir impact.
Understanding the determinants of s.uccess and failure wiH be a key for designing
effective polices in the future. This is a critical time because effective policies can lead to
a significant amount of wind power generation and states have the opportunity to make
wind power a reahty, but they must have effective policies to capitalize on that
opportunity.
Government polices are an important component in deteffiUning which states
develop wind power, but the empirical results suggest that all govenunent polices are nol
equal in their impact. Thi,s study detennined that the most important policy i,s a
Renewable Portfolio Standard, followed. by greeFl pricing. Green pricing may be
especially important in a restructured electric marker as consumers are able to dictate the
types of power generation supplied, but it can also have a significant impact in a
regulated market. Other ,common measures such as slate tax incentives seem to have been
less effec,tive,. though they still exert a positi>ve influence on wind power development.
The case studies iUustrat,e how crucial a state government's commitment to developing
wind power can be as weH as the importance of supporting that commitll1enlt with
appropriate and effective po~icy incentives. The evidence shows that policy lincentives are
not only necessary, but they are effective.
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BACKGROUND
The development of wind power offers many benefits, including cleaner air, a
more secure energy future, and increased economic activity (Chapman 1998). American
society is extremely dependent on fossil fuels for energy, with coal accounting for 52%
of electricity generation and other sources, including natural gas (16%), oit (3%), nuclear
(20%), and hydropower (7%) making up the remaining 48% (American Wind Energy
Association 2002). Recently wind power has become a viable alternative to conventional
sources, and it has significant benefits. "In 1997, U.S. power plants emitted 70% of the
sulfur dioxide, 34% of carbon dioxide, 33% of nitrogen oxides, 28% of particulate matter
and 23% of toxic heavy metals released into our nation's environment, mostly the air"
(American Wind Energy Association 2002). These pollutants contribute to acid
precipitation, global climate change, and health problems related to environmental
conditions. Developing wind power will enable the United States to offset the harmful
effects of conventional power plants as well as reduce our dependency on foreign oil
imports. Unlike conventional sources where environmental costs are not reflected in the
price, wind energy is pollutant free and renewable (American Wind Energy Association
2002). In addition to the enviromnental benefits, the development of wind energy systems
can also generate tax revenues and create jobs, and the energy price is fixed over time
because wind is an inexhaustible fuel source (Harris and Navaro 1998, Caldwell 2003).
With positive benefits like this, one may wonder why we do not see wind farms
throughout the United States.
Wind is produced by solar heating of the atmosphere. This heating causes the air
to move, and wind velocity and direction are also influenced by local factors such as
oceans, weather patterns, and local terrain (Energy Information Administration 1995,
3

Gielecki, Mayes, and Prete 2000). Wind turbines are able to harness the kinetic energy of
the wind to generate electrical power (State Energy Conservat'lion Office- 200 I). Wind
energy is measured in watts, or, more commonly, as kilowatts ([,000 watts) or megawatts
(1 million watts). One megawatt of wind generates about enough electricity to power 300
American homes (American Wind Energy Association 2002).
In i 982, the Pacific Northwest Laboratory developed a wlind energy atlas that
classified wind resouwes throughout the country from class 1 (Ithe least amount of
energy) to class 7 (,the greatesl amount of energy). Three factors that influence the
strength ohhe wind are considered in these classificawions: the average wind speed, the
variability of wind speed, and the ,average density of the air. Based on these
_classi fications" maps for each state were developed indicating the classj fication of the
wind reSOUfces, the annual and seasonal variations, and the certainty rating of the wind
resource (EHiol 1986). Areas with a wind resource class,ifiGation of3 or higher are
suit-able for wind power development, though. wind turbines are most effective in areas
where the wind speed's average 16-20 mph at a height of 50 meters (classes 4 and higher)
(Elliot 1986, State Energy Conservation Office 2001).
The power potential from wind is proportional to the cube of the wind speed. This
means that doubling the wind speed, say from 10 to 20 mph, incfeases me potential
power generated by a factor of eight, or from 1,000 to 8,000 wans (State Energy
Conservation Office 2001, American Wind Energy Association 2002). A small increase

in wind speed can actually create a significant difference in the potential power generated
(American Wind Energy Association 2002). The Wind Energy Resource Atlas of the
United States was not intended to address local variability, but rather was designed to
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provide a large picture of high wind resource areas, which then could be considered more
closely (Elliot 1986).
Currently, less than 1% of the United States electricity supply comes from wind
energy, but the United States has a significant wind resource (American Wind Energy
Association 2003). In 1999, the U.S. Department of Energy set a goal of obtaining 5% of
domestic electricity from wind by the year 2020. This initiative, called "Wind Powering
America" is an important commitment by the United States government and is drawing
increasing attention to wind energy (Gielecki, Mayes, and Prete 2000, American Wind
Energy Association 2002). The American Wind Energy Association (AWEA) has
estimated that the total amount of electricity that could be generated from the wind
resources in the United States would be enough to supply two times the current amount
of electricity used (American Wind Energy Association 2003).
According to the Energy Information Association (2000), several important
factors influence the development of wind energy projects, including the availability of
suitable winds and improved wind teclmology. Though the United States has a great wind
resource and significant benefits accrue to wind energy, previous studies have found that
wind energy projects are often initiated because of state incentives (Energy Information
Administration 1995). Because the wind energy industry is still developing, the amount
of wind capacity a state decides to install may be dependent on support from various state
and federal incentives (Guey-Lee 1998).
History of Wind Development in the United States

The unusually hjgh prices of oil and natural gas and the related energy security
concerns created by the oil embargo of 1973 prompted the first increased interest in
renewable energy technologies such as wind power (Energy Information Administration
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1995). With the development of alternative energy sources as a priority, President Carter
signed the National Energy Act into Faw in 1978 with objectives ofdecreasing the
nation's dependence on foreign oil and increasing energy conservation and efficiency
(Gielecki, Mayes, and Prete 2000).
The Public Utility Regulatory Policies Act (pURPA) was a regulatory mandate
established as a part ofthc National Energy Act, and it was the cata'lyst behind the
tremendous growth in non-utility power producers.(Energy [oformation Administration
1998, Gielecki, Mayes, and Prete 2000). After the legality ofPURPA was upheld in
1981, it required utili ties to buy electricity from "qualifying" facilities that melt standards
regarding energy source and efficiency. More specifically, qualifying facil(tres were noo
utility, small-scale renewable or cogeneration power plants.

Thes~

qua'lifying facdities

were guaranteed the right to sell their electricity to utilities at favorable prices, and this
began to open competition in the U.S. electricity industry (Gieledci, Mayes, and Prete
2000). According to Nancy Rader and Ryan Wiser of'the National Wind Coordinating
Committee, the development of wind power"that occurred as a result ofPURPA
constitutes much of the wind power that is stiB in operation today (Rader and Wiser
1999).
One year after the passage of PURPA, the U.S. Department of Energy (DOE)
provided $59.6 million of federal funding for wind power research and development
(current year dollars). This funding level remained above $50 miillion until 1982, when it
was reduced to $16.6 million. It continued to decline throughout the 1980's (current year
dollars) (Energy Information Administration 1995). During this time, fossilJ fuel prices
dropped to their lowest levels ever while the cost of renewable technologies remained

high. Despite these setbacks, the development in design of wind turbines continued, and
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improvements in efficiency and reductions in capital costs caused the cost of wind energy
to decline by 8 cents per kilowatt-hour throughout the 1990's (Redlinger, Andersen, and
Morthorst 2002).
Simultaneously, climate change emerged as the newest serious environmental
concern affecting the energy industry. After the Earth Summit in Rio de Janeiro in 1992,
a new commitment was made to develop renewable energy as a means to reduce the
carbon dioxide emissions created by conventional energy sources. This commitment was
solidified by the negotiation of the Kyoto Protocol in 1997, whereby the United States,
would, by ratifying the agreement, be obligated to reduce its greenhouse gas emissions by
seven percent (Redlinger, Andersen, and Morthorst 2002).
Another milestone for federal support of wind energy development occurred when
the Energy Policy Act of 1992 created a production tax credit (PTC) for wind energy of
1.5 cents per kilowatt-hour (indexed for inflation, the PTC was 1.7 cents in 2002). The
PTC was payable for 10 years to both utilities and private investors (Gielecki, Mayes, and
Prete 2000). The PTC signified a federal recognition of the importance of renewable
energy and was a step toward subsidizing wind energy and away from the historically
favored conventional energy technologies (American Wind Energy Association 2002).
The PTC supports the effectiveness of a wind energy system by subsidizing each
kilowatt-hour. The ETA has estimated its cumulative value at more than $20 million
through 1998. The planned expiration of the PTC on June 30, 1999 had the effect of
creating a rush to install wind energy capacity before the deadline (Gielecki, Mayes, and
Prete 2000). Similar effects were noted when the renewed PTC expired in 2001 and again
in 2003, with only 410 megawatts of new installed wind energy capacity being installed
in 2002, compared to 1,700 megawatts in 2001 with the credit (Struglinski 2003).
7

The lack of newly installed projects when the PTC was not available demonstrates
the industry's reliance on this type of credit (American Wind "Energy Association 2003).
With the credit in place, the wind energy industry grew by 28 percent lin 2003, making it
the fastest growing energy sector, but the phases of renewal and expiration created by the
uncertain investment environment are not effective for the wind industry (Burnham
2004). In January 2003, a bill was introduced into

CQn~ess

to extend the tax credit for 10

years, but as of February 2004, the renewal of the PTC is stm being debated and the
future remains uncertain (Struglinski 2003, Burnham 2004). According to the American
Wind Energy Association (2004), at least two thousand new megawatts of wind energy
capacity would be instaUed in 2004 if the federal PTC were renewed.
Though ,this federal incentlive has had a profound impact on the wind energy
industry, other state supported

incent~ve programs

have also provided Ithe impetus for the

development of wind power (Guey-Lee 1998). Despi'te the fact that 2003 tied with 2002
[or the world's second warmest year on record, the United States has decided not to ratify
the Kyoto Protocol (Borenstein 2004). Despite President Bush's decision not to support
the Kyoto Protocol, states have decided to voluntarily curb dteir emiss,jons, indicating a
willingness to take action despite the absence of an internationall1reaty.or national
policies (Krukowski 2001). Ten Northeastern governors have committed to a regional
climate change action plan that calls for reducing carbon dioxide emission to 1990 levels
by 20 I 0 and developing a greenhouse gas emissions trading program (Goad 2(03). The
slate governments feel confident in their ability to offset the effects of climate change
while also maintaining economic development (Sarnuelsolm 2003).. [n addition to the
Northeastern efforts, twelve states have fonned toe Clean Energy States Alliance, with
the goal of strengthening the renewable energy market in the United States. Fourteen
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states have also individually enacted funding mechanisms to support the transition from
fossil fuels to renewable energy, and the potential of the collective funds is estimated at
$3.5 billion (Northrop 2004). These efforts demonstrate how states can take action
toward protecting the envirorunent despite a lack of federal support.

The Restructuring of the Electric Utility Industry
Another major change in the U.S. electricity industry has been the restructuring of
the electric utility industry. As of the end of 2003, sixteen of the forty-eight contiguous
states had enacted restructuring legislation, which is intended to open the electric market
to competition and allow consumers to chose their provider. Utility restructuring could
have both positive and negative effects on the development of wind power and its
ultimate effect is one of the issues that will be explored in tills paper. The competitive
market created by restructuring should lead to lower electricity prices through more
efficient uti lity operations and allow consumers to dictate the types of new power plants
that are developed in the future (Gielecki, Mayes, and Prete 2000, Gray 2002). This could
benefit wind power if enough consumers elect "green" power, causing the demand [or
wind energy systems to increase. Additionally, restructuring may provide wind energy
systems with improved access not only to the electric market, but also to the actual
transmission grid (Rader and Wiser 1999). Some consumers are also willing to pay a
premium for renewable energy - a majority of respondents (up to 80%) in a national
study completed by Barbara Farhar (1996) indicated a willingness to pay a premium for
environmental protection or renewable energy, with 60% of respondents in 1994 stating
they would be willing to pay more than an additional $6 per month on the their electric
bill. Restructuring would allow consumers to choose power generated by renewable
sources and help support a market for wind power. Lastly, restructuring may generate
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discussion about renewable energy policies and has the potential to allow states to
develop policies and incentives, which support renewable energy (Rader and Wiser
1999).
However, the primary goal of restructuring as opening the electric market in
pursuit oflower prices may also pose a threat to renewable energy. Some consumers may
take advantage of the newly opened market to choose the provider with the lowest price,
regardless of the environmental impacts (American Wind Energy Association 2002).
Many of the coal-fired power plants of the Midwest are exempt from the environmental
standards of the Clean Air Act because of their age. These plants, which account for more
than half of the air pol.lution produced by the entire utility sector, are lasting far longer
than expected and continuing to produce cheap electricity. This may prove dangerous

with states choosing to restructure, as consumers may elect the cheapest electricity source
regardless oftbe environmental consequences (Hirsh and Serchuk 1999). Restructuring
may also be causing utilities to invest less in research and development, particularly for
renewable technologies. Previously, the costs of these efforts were passed on to
consumers, but utilities no longer can do this and remain competitive. According to Hirsh
and Serchuk (1999), research and development spending by utilit~es on dropped by one
third from 1993 to 1996. Though low operating costs and nOll-existent fuel costs make
wind energy favorable in the long-run, it has difficulty competing in a restructured
market where the emphasis is on short-teIDl cost minimization becau.se of the high capital
costs of wind energy technologies (Zucchet 1995).

In a restructured market, a commitment by consumers to support renewable
technologies will be key to wind power developing in the future. Hirsh and Serchuk
(1999) point out that many Americans do not make the crucial connection between their
10

decisions about energy and the related positive or negative benefits. Education will playa
crucial role in creating public support for renewable energy and developing policies that
protect the environment. According to Nancy Rader and Ryan Wiser of the National
Wind Coordinating Coounittee (1999), "Decisions being made now to restructure the
electricity industry constitute a window of opportunity for legislators and regulators to
incorporate policies and market rules that support renewable energy." Clearly, this is a
critical time for the development of wind power with the potential for developing policies
and incentives that support wind energy in a restructured market, as well as because of
various technological developments.
Technological Developments
One factor in the demand for wind power is its cost. The Energy Infonnation
Administration (1995) estimated the cost ofwind energy in 1980 at fifty cents per
kilowatt-hour, but current wind power plants can generate electricity for less than five
cents per kilowatt-hour, a price that is competitive with electricity generated from fossil
fuels. Redlinger, Andersen, and Morthorst (2002) describe the evolution of the wind
energy industry over the past few decades. Technological improvements in wind turbines
have decreased their cost by eighty percent in the last fifteen years, and current turbines
are able to produce power at lower speeds and are more efficient (Harris and Navarro
2000). Unlike conventional sources, the price of wind is stable over time because wind is
a free, renewable resource (American Wind Energy Association 200~). Also, wind
energy is the lowest cost choice out of all the renewable energy technologies, which
include solar, hydroelectric, geothermal, and biomass (Energy Information
Administration 1998, American Wind Energy Association 2002).
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When compared with traditional fuel sources, wind energy not only makes sense
environmentally, but also economicaUy. The costs of natural gas are expected to rise in
the near future, with importing the fm:l or inve.8'ting money to discover additional sources
becoming necessary as existing stores are used up. Most. electricity generating plants
currently being installed in the United States are fueled by natural gas, but these future
barriers will also help wind power become more economical (Caildwell 2003). In
Exploiting Wind Versus Coal, Jacobson and Masters (2001) describe how the cost of
large-scale wind energy systems is actually lower than the conventional source, coal.
With improvements in technology, the cost of wind is estirnated by Jacobson and Masters
to be around 3 to 4 cents per kilowatt-hour. When the environmental and health costs of
coal are factored in, the actual price of coal is approximately 5.5 to 8.3 cents per kilowatt
hour. AJthough these very benefits of wind power accrue to the public, they are not
reflected in electricity market prices (Zucchet 1995). Subsidies and incentives are
designed to correct for these market failures by making renewable energy more
competitive (Kahn 1996).
Barriers to Wind Power Development

Wind energy projects are very region and site specific. This has been an
advantage in the past because projects could be developed in the windiest areas with
power either being directly used on site or sold to local utilities. However, in the age of
deregulation, this can also be a disadvantage because legislative incentives favor wind
energy generated from non-utility producers. Access to transmission lines is affecting the
development of wind energy projects and the current system does not provide adequate
incentives to invest in building new transmission capacity (Energy Infonnation
Administration 1995). According to the EIA (1995), the further a wind energy system is
12

from a utility line, the more expensive connection to the transmission system can be, and
this cost must be included when considering the capital costs of a utility wind project.
Despite these constraints, sufficient windy land is available within a reasonable distance
to transmission lines to allow wind energy systems to develop amidst this potential
barrier. According to the AWEA (2002), transmission will be one of the major issues in
the development of wind energy in the future. Federal policies were enacted in 2002 to
allow wind energy to access existing transmission lines on teons that make sense for
wind power producers (withqut fees for failure to supply when the wind is not blowing).
According to the AWEA (2003) these policies should soon become reality and, when
they do, transmission barriers wi II be coming down across the country.
Current technology does not allow cost-effective wind energy storage, which
creates a problem because wind energy systems can only supply energy when the wind is
blowing (Energy Information Administration 1995). Logically, if they could chose one
type of source, utilities would prefer plants that could generate electricity as demanded
rather than wind energy plants that are intermittent in nature. However, utilities actually
employ a variety of diverse sources and it has been shown that by adding wind turbines to
a traditional utility mix, the probability that that system will be able to meet demand
requirements increases (American Wind Energy Association 2002). "By integrating wind
power with major power systems, problems resulting from the variability and
unpredictability of wind energy can be largely overcome" (Street and Miles 1996).
Further, fluctuations in wind speeds change more slowly and are more predictable than
consumer demand throughout the day. Predictability should allow a system operator
sufficient time to balance electrical generation with other conventional plants so as to
best utilize wind power (American Wind Energy Association 2002). Adding wind energy
13

to the fuel source mix will also help utilities meet potential environmental regulations
regarding pollution or emissions. However, most regions of the United States already
have enough

low~cost

electricity generating options to meet short-tenn future demand, so

the incentives to develop wind power may suffer (Chapman 1998).
Though wind energy systems can have significant positive effects on the
environment, several negative aspects to wind turbines must also be considered. Many
great wind energy sites lie on mountains or within other cherished view sheds, and
serious claims have been made about wind turbines detracting from local property values
(Energy Infonnation Administration 1995). The proposed 130 turbine offshore wind
project in Nantucket SOUl).d, Massachusetts is an ideal example of the view shed debate,
with many local residents fearing the proposed project would lower property values and
negate summer tourism to the area (Ruslin 2003). Though the view shed debate remains,
the Renewable Energy Policy Project recently completed an extensive study, which found
that property values did not decrease when wind turbines were visible, and, in many
cases, property values actually increased (Sterzinger 2003). In addition, polls indicate that
public support tends to increase even further after a wind energy project is installed and
begins operating locally (Gray 2002). Debates over view sheds are complex issues, which
often pit environmentalists against green power advocates, groups that normally should
be allies (peltier 2003).
Wind turbines can also cause avian deaths because birds collide with the rotating
turbine blades. Many studies have now been completed on this subject, and though the
degree of impact varies from site to site, the general results suggest that overall impact pf
wind turbines on birds is far less than other sources of avian mortality (Gielecki, Mayes,
and Prete 2000, American Wind Energy Association 2002). Further, wind energy
14

technologies are continually being improved upon and current technologies, which allow
the turbines blades to turn more slowly, are far less dangerous to birds (Associated Press
2004). Because of these potential environmental impacts, siting for new wind projects
can sometimes be difficult to obtain (Chapman 1998).

Public Support
Since siting is a political process, how citizens view wind power is important.
Barbara Farhar of the National Renewable Energy Laboratory summarizes 23 years of
national energy polling data in her report entitled, ''Energy and the Environment: The
Public View." According to Farhar (1996), when asked. what the U.S. should focus on in
order to meet our energy needs in the future, 59% of respondents stated renewable
energy. Interestingly, responses to this question increased during the Gulf War (oil
security concerns) and when issues like global climate change and radioactive waste
siting were at the forefront. It also seems that Americans are most concerned about
energy issues within the sphere of environmental problems. When asked what the most
important environmental problem facing the country, respondents generated their own
answers and over half identified an issue that was energy related, such as air pollution or
the greenhouse effect.
The results ofFarhar's survey analysis clearly indicate that Americans are
interested in environmental protection and developing the wind resource in the United
States. However, until recently federal or state goverrunents have provided no extensive
support for wind energy, so Americans have not been able to act on their environmental
values (Farhar 1996). Initial goverrunent support has allowed for wind energy technology
to be explored further, and this, combined with technological improvements and the
recent restructuring of the electric utility industry, has made exploiting the United States'
15

"Y.rind resource more feasible. States are increasingly developing incentives to spur wind
energy development, and this study will examine what factors affect a state's decision to
develop wind energy, as well as which variables are most influential to the amount of
wind energy capacity a state has installed.
DESCRIPTION OF STUDY
The purpose of this study is to investigate bow various incentives influence
decisions to install wind energy capacity. Specific research questions include:
•

What are the primary factors that influence a state's decision to install wind power
systems?

•

For the states that curT-ently have installed wind energy capacity, which factors are
most influential in defining the amount that is installed?

Physical variables, socio-economic characteristics of the state, and the econom.ic
incentive policies that have been set up by the state to encourage wind development are
included in the analysis (see Table 1). Economic policies support the development of
wind energy by creating a market for such technologies or by reducing the cost of wind
power (Rader and Wiser 1999).
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Table 1. Independent variables used in the analysis.
Physical:
2
• Class 3+ available windy area (km )
Policy:
• Restructuring Legislation
• Loans
• Tax Incentives
- Sales Tax Incentives
- Income Tax Rebate
- Property Tax Exemption
• Percent Required by Renewable Portfolio Standard
• Green Pricing [or Wind
• Disclosure of Fuel Mixes
• Net Metering
Socio-economic:
• Educational attainment (percent of population with bachelor's degree or higher)
• Per capita income
• Coal mining employment
A comprehensive data set was developed (see Appendix I), documenting the
status of each of these variables in the 48 contiguous United States (sufficient data are not
available for Alaska and Hawaii). Though states both with and without installed wind
energy capacity are included in the database, the six states with installed capacity tOlaling
less than one megawatt (New Hampshire, Montana, Maine, Arkansas, Utah, and
Massachusetts) were excluded from all statistical analysis to increase the power of the
statistical tests. The data set was used to test hypotheses about the statistical significance
of the independent variables in explaining variation in the dependent variable.
The technique used to estimate the importance of these factors is regression
analysis. This technique allows us not only to assess the importance of each factor, but
also to address the degree of confidence that can be associated with these findings. Two
different regressions were calculated. The first attempts to define those factors that
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explain whether or not a state bas installed wind power. In this regression, states with
installed capacity were assigned a 1.0 and the states with no capacity were assigned a 0.0
(excluding the six states with installed capacity less than 1.0 megawatt). The second
regression analysis relates the amount of installed capacity to the policy and control
variables.
For the second regression two other variants of the dependent variable were also
considered. The dependent variable of installed capacity was standardized: (1) by
dividing by population and (2) dividing by class 3+ available windy area. Although
regressions were estimated for each of these standardized variables, no significant
difference between these regressions and regressions using installed capacity as a
dependent variable was noted, so those variants were subsequeoHy dropped from further
consideration. A

forward~looking

dependent variable that considered the amount of wind

energy capacity (in MW) that a state plans to instaH in the future in addition to the
amount that is currently installed also failed to demonstrate a significant difference from
the original dependent variable. This variable was also dropped from further
consideration.
In addition to using ordinary least squares regression analysis to estimate the rwo

models (whether any capacity was installed and, if so, how much), the analysis also
estimated a Tobit model, which examines both questions in the context of a single model.
This technique is specifically designed to analyze data where the dependent variable can
take on a value of zero (no installed capacity) as well as positive numbers (Kennedy
2003). The parameter estimates that emerge from the Tobit model can also be used
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test

hypotheses about the statistical signjficance of the independent variables in explaining
variation in the dependent variable.
18

Defmition of variables
Dependent variable
The primary dependent variable used in the regression analyses expressed the
amount of installed wind energy capacity (in MW) in each state as of December 16,
2003.

Explanatory variables
For each of the explanatory variabtes, both the deftnition and the expected sign
will be presented. A positive sign indicates the expectation that states with higher values
of this variable will also have higher values of the dependent variable.
•

Class 3+ available windy area (km2): Winds are classified according to speed on a

scale of 1 (lowest) to 7 (highest). Modern wind turbines require an area with class 3
winds or higher in order to operate effectively (Elliot 1986). This variable represents the
number of kilometers of area in a state that have class 3 winds or higher. The expected
sign is positive.
•

Restructuring Legislation: The primary goal of restructuring legislation is to open the

electric market to competition and allow consumers to choose their provider. This
variable takes on a 1.0 if the state had deregulated its electric utilities by February 2003.
States that had not deregulated by this time were assigned a 0.0. Utility restructuring may
have both positive and negative effects on the development of wind power. A competitive
market can benefit wind power because some consumers will elect "green" power such as
wind and the demand for wind energy systems will increase. However, some consumers
will take advantage of the newly opened market to choose the provider with the lowest
price, regardless of the environmental impacts. Hence, the expected sign is ambiguous.
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•

Loans for Wind Energy: The presence (= 1.0) or absence (= 0.0) of varying types of

loans to support the development of wind energy. The expected sign is positive.
•

Taxes: The following tax incentives were considered, and this variable takes on a 1.0

if the state has one or more of the incentives and those without any tax incentives were
assigned a 0.0. The expected sign is positive.
-

Sales Tax Incentive: An exemption from state sales tax for a portion of the total

cost or the total cost of wind energy equipment. In some states, the sales tax incentive
is for the sale of the wind power itself (Gielecki, Mayes, and Prete 2000). This
variable takes on a 1.0 if the state has any form of a sales tax incentive while states
without were assigned a 0.0. The expected sign is positive.
-

Income Tax Rebate: Income tax rebates are equal to a percentage of the cost of a

wind energy system, or, in some states, are full exemptions from property tax. This
variable is defined by a 1.0 if the state has an income tax rebate incentive while slates
without were assigned a 0.0. The expected sign is positive.
-

Property Tax Exemption: Wind energy systems may be exempted from property

tax. This variable is defined by a 1.0 if the state offers property tax exemptions for

wind power, while states that do not were assigned a 0.0. The expected sign is
positive.
•

Percent required by a Renewable Portfolio Standard: A Renewable Portfolio Standard

(RPS) is a commitment that a state makes to develop renewable energy, including wind.
Under this standard, electricity generators are required to provide a certain amount of the
state's electricity from renewable sources. Utilities can meet the requirement designated
by the RPS through a credit-trading system, which allows the utility to 1) generate
electricity from renewable sources or 2) invest in renewable energy through buying
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credits from a renewable generator such as a wind farm (American Wind Energy
Association 2002). Unlike other incentives, which support wind energy by reducing its
cost, a RPS helps to create a market for wind power (Rader and Wiser 1999). This
variable represents the percent required by the standard in states that have developed a
Renewable Portfolio Standard by the end of 2003. The expected sign is positive.
•

Green Pricing for Wind: Market research has shown that many electric utility

customers are willing to pay a premium for renewable energy. Some states allow
customers to choose to pay an additional fee on their electric bill, which covers the extra
cost of renewable energy and creates a voluntary market for wind power. This incentive
is designed [or consumers to encourage utilities to invest in renewable energy sources,
such as wind (Rader and Wiser 1999, Summary of Green Pricing Programs 2004). It is
important to note that the consumer would not actually be receiving specific "green"
electrons. Rather, the utility would be adding enough wind energy capacity to its
generating mix to meet the electricity demanded by the consumer (American Wind
Energy Association 2002). A utility that offers green pricing has an opportunity to
improve its environmental image while remaining economically competitive (Farhar
1996). This variable is defined by a 1.0 if green pricing is available to consumers

in the

state, while states where it is not were assigned a 0.0. The expected sign is positive.
•

Disclosure of Fuel Mixes: The information that consumers receive regarding the

environmental consequences of their electricity purchases has the potential to create a
market for renewable energy technologies, at least for tbose consumers who care. States
with disclosure of fuel mix regulations require electricity suppliers to inform consumers
of the price, fuel source, and environmental characteristics of the electrici ty they are
purchasing. Disclosure has become more common with electricity deregulation, which
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has increased consumers' ability to choose their electricity suppliers. Some states have
mandatory disclosure policies, others are voluntary, and some states have none (Rader
and Wiser 1999). This variable is defined by a 1.0 if the disclosure of fuel mixes is
required by utilities in the state and a 0.0 if disclosure is not required in the state. The
expected sign is positive.
•

Net Metering: This variable is defined by a 1.0 if net metering is available to

consumers in the state while states where it is not were assigned a 0.0. This incentive
encourages customer investment in small-scale wind energy by allowing excess
electricity generated by the residential or commercial wi.nd turbine to cause the electricity
meter ofHle home or business to spin backwards. This allows the consumer to receive
full retail value for all of the electricity produced by the wind turbine rather than the
usually much lower wholesale price (Rader and Wiser 1999). The expected sign is
positive.
•

Educational attainment: TlUs variable captures the percentage of the adult population

of the state with at least a bachelor's degree. The expected sign is positive.·
•

Coal mining employment: This variable is an environmental indicator of the amount

of coal consumed in a state based on the number of people employed in the i.ndustry. It is
more effective than a measure of coal consumed, because coal-mining employment may
also influence a state's decision to ,install wind power. States may be concerned with
protecting coal-mining employment, which would block the introduction of wind. Or,

• Per capita income was also considered as a socio-economic indicator variable.
However, educational attainment produced more significant results and because
educational attainment and per capita income were highly correlated (0.80), per capita
income was subsequently dropped from further consideration.
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high coal mining employment could mean more pollution and hence a quest to develop

cleaner sources of electricity. The expected sign is ambiguous.
RESULTS
Descriptive statistics were calculated for each of the variables included in the
statistical analyses. Table 1 indicates initial differences in variables among the 21 states
with wind energy capacity installed and the 21 states with no

install~

wind energy

capacity.
Table 1. Mean values of variables for states with installed wind energy capacity and
states without. Standard deviations for all variables
No installed
Standard
Installed capacity
capacity
deviations
Installed wind energy capacity (MW)
253.44
0
348.75
Planned projects (MW)
107.50
10041
110.29
2
Class 3+ available windy area (km )
43,052
1,542
36,162.69
Restructuring Legislation
28.57%
42.86%
0.48
All taxes
57.14%
42.86%
0.51
Sales Tax Incentive
28.57%
14.29% 
0040
Income Tax Rebate
14.29%
19.05%
0.38
Property Tax Exemption
47.62%
23.81 %
0048
Loans
38.09%
28.57%
0048
Net Metering
71.43%
57.14%
0049
RPS
47.62%
23.81%
0.48
Percent Required by RPS
30.95%
21043%
0.05
Disclosure of Fuel Mixes
52.38%
47.62%
0.51
Green Pricing for wind
80.95%
47.62%
0.48
Educational attainment
25.41 %
23.12%
0.04
Per capita Income
$21,562
$21,227
2,797.87
Coal Employment
1679.81
1603.57
543.88
Notes: Threshold states with less than 1.0 megawatts of installed capacity were omitted:
Source: Calculated by author from data sources listed in Appendix II.
• Several of the variables included in the database were highly correlated, namely, 1)
educational attainment and per capita income and 2) the presence or absence of a
renewable portfolio standard and the percent required by such a standard. Therefore,
educational attainment and the percent required by a renewable portfolio standard were
selected to use in the regression calculations because they were shown to be better
predictors.
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Several interesting differences emerge from these data. States that have already
instaJled capacity also have a higher amount of planned wind projects (107.5 MW) than
states currently without wind energy systems (10.41 MW). Clearly the amount of
potential for wind power should maner and it does. States with installed capacity have a
significantly higher amount of class 3 or higher available windy area and therefore a
higher wind energy potential in megawans.
Turning to policy variables, restructuring legislation seems to inhibit, rather than
promote, the use of wind energy. While only 28.57% of the states with installed capacity
have restructuring legislation, 42.86% of states without wind energy systems have
restructuring legislation. Each of the other policy variables - tax incentives, loans, net
metering, renewable portfolio standards, disclosure, and green pricing for wind - are, as
expected, present more often in states with installed capacity than in states without. In
terms of socio-economic variables, neither per capita income nor educational attainment,
appear to be significant factors, but states with installed capacity have slightly higher
incomes and a higher percentage of the adult population with advanced degrees.
As interesting as they are, these data can only take us so far because they do nOl
take into account the fact that several influences are operating at once. To capture the
influence of interacting factors the analysis now turns to the regression analysis.

Explaining the Decision to Install Wind Energy Capacity
The first regression analysis isolates those factors tbal explain whether or not a
state has instal.led wind power. Table 2 indicates the results of the regression analysis
calculated for the 42 states included in the data set (The six states with between 0.0 and
1.0 megawatts of wind power were excluded). States with installed wind energy capacity
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were assigned a 1.0, while states without wind energy were assigned a 0.0. Class 3+
windy area, restructuring legislation, disclosure of fuel mixes, educational attainment,
and coal/sales were included as variables in this equation to determine what effect they
have on a state's decision to installed wind energy capacity.
Table 2. Regression analysis for full data set, where states with installed capacity are
assigned a 1.0 and states without are assigned a 0.0.

Variable
Class 3+ available windy area (km2)
Restructuring Legislation
Disclosure of Fuel Mixes
Educational attainment
Coal Mining Employment
Intercept

Coefficients
0.00
-0.21
0.21
2.56

Standard Error
0.00
0.18
0.17
1.58

t Stat

1.93 E-05

1.85 E-05

1.04

-0.34

0.38

-0.90

3.69**
-1.21
1.21
1.62

R square = 0.43 Degrees of freedom = 36
* 95% confidence level

** 97Y2% confidence level
Notes: Threshold states with less than 1.0 megawatts of capacity were omitted.
The amount of class 3 or higher windy area was expected to be positive, and this
regression shows it is positive and highly significant. This indicates that the wind
resources a state possesses are the most influential factor in determining whether or not a
state decides to install wind energy. Though none of the other variables are statistically
significant, inferences can be based on their signs. The expected sign of restructuring
legislation was ambiguous because the effects of the competitive electric market have the
potential to both encourage and hinder the development of wind power. This regression
demonstrates that restructuring legislation has a negative, though not statistically
significant effect on a state's decision to install wind energy.
The expected sign of disclosure was positive, and though not statistically
significant, the results show a positive sign. The information consumers receive regarding
their electricity purchases apparently does have the potential to help create a market for
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renewable energy technologies. States with higher levels of educational arrainment were
expected to be more likely to install wind energy capacity; so the expected sign was
positive. This regression analysis confinns that prediction, indicating that states with
more educated populations may be more likely to install wind capacity. Lastly, the
expected sign for coal mining employment was ambiguous because though producing
electricity with coal is environmentally harmful (which may motivate a larger
commitment to wind), states may be interested in protecting coal mining employment
(which would dull the enthusiasm for wind). Though not statistically significant, coal
mining employment shows a positive sign. This indicates that the alleviation of harm
explanation may be more important than the desire to protect employment.
Explaining the Amount of InstaUed Capacity
Whereas the first regression equation focused on explaining the factors that
influenced whether a state chose to install any wind energy capacity, the second
regression analysis considers what variables influence the amount of installed wind
energy capacity for Ithose states that bave some instaned capacity. Table 3 shows the
results of the regression analysis calculated for the 21 states with installed wind energy
capacity. The six states with less than 1.0 megawan were excluded from the analysis. By
calculating a regression with all of the physical, policy, and socia-economic variables for
the slates with installed capacity, we are able to determine which variables are most
influential in determining how much wind energy capacity a state has.
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Table 3. Regression analysis for states with installed wind energy capacity greater than
1.0 megawatts.

320.64

Standard Error
0.00
305.38
162.45

Loans

12.99

180.99

t Stat
0.99
0.78
t.97*
0.07

Net Metering

188.44

213.52

0.88

Percent required by RPS

6944.79

3.25**

Disclosure of Fuel Mixes

-64.83

2138.00
320.55

-0.20

Green Pricing for wind

137.37

238.51

0.58

Educational attainment

-4675.79

-1.60

0.01

2930.98
0.04

697.84

774.51

0.90

C oefficients
0.00
237.58

Variable
Class 3+ available windy area (101/)
Restructuring Legislation
All Taxes·

Coal Mining Employment
Intercept
R sguare = 0.73 Degrees of freedom
* 95% confidence level
** 97Y:z% confidence level

='

0.28

10

TIle expected sign for percent required by a Renewable Portfolio Standard (RPS)
was positive, and this regression shows it to be the most statistically significant variable
in influencing how much wind power a state has. The positive coefficient indicates not
only that the presence of an RPS, but also the percent required to be generated from
renewable sources influences how much wind power a state has installed.· The presence
of one or more tax incentive policies (sales tax incentive, income tax rebate, property tax
exemption) is also statistically significant and has a positive influence on the amount of
wind energy a state has installed. The expected sign for this variable was positive,

• Sales tax incentives, income tax rebates, and property tax exemptions were combined
under the umbrella of all taxes. This variable therefore represents whether states have any
one of the aforementioned tax incentives or not. Each individual tax incentive did not
give a significant result .
• An attempt to create an interaction variable between the renewable portfolio standard
variable and the presence or absence of restructuring legislation did not produce a
si gni fi cant result.
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indicating that the presence of one of more tax incentives helps to increase the amount of
wind energy capacity a state installs.
Though none of the other variables included in this regression are statistically
significant, inferences can be drawn from their coefficients. As expected, the amount of
class 3 or higher windy area a state has encourages wind capacity installation, but the
effect is not statistically significant. Similarly, restructuring legislation, loans, net
metering, and green pricing all have a positive influence, but are not statistically
significant. The expected sign for each of these variables was positive, with the exception
ofrestructuring legislation, which was ambiguous.
Therefore, states with each of these polices are more likely to install a greater
arnount-ofwind energy capacity. Disclosure of fuel mixes also had an expected positive
sign. but shows a negative coefficient in the regression analysis. Its extremely low t
statistic indicates that it is having little or no influence on the amount of wind energy
capacity a state installs. Contrary to expectations the sign for educational attainment was
positive, indicating that states with lower educational levels are more likely to install
greater amounts of wind energy capacity. The low educational attainment of Texas, the
state with the second highest amount of installed capacity, may be skewing the results.
Coal mining employment has a positive coefficient when the expected sign was
unknown, indicating that states that depend largely on coal for their electricity are likely
to have more installed wind energy.
Putting It All Together: The Tobit Analysis

In addition to the two separate least squares regression analyses, the statistical
analysis also estimated a Tobit model for the 48 states included in the full data set. Table
4 shows the results of the Tobit model analysis for all of the variables. Within the context
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of a single model, the Tobit analysis considers what variables influence whether or not a
state decides to install wind power and if so, what factors determine how much wind
energy capacity is installed (Kennedy 2003). The results indicate the significance of each
of the variables on a state's development of wind power.·
Table 4. Results from Tobit model analysis for all variables.

Variable

Coefficients

Standard Error

Class 3+ available windy area (km2)

0.0040904

0.001767

Restructuring Legislation

-120.6662

179.5044

2.31 **
-0.67

Loans

202.4982

136.0526

1.49

All Taxes

184.303

1.45

Net Metering

40.7975

127.5354
140.8231

0.29

Percent required by RPS

2266.395

1085.712

2.09**

Disclosure of Fuel Mixes

203.4273

199.3684

1.02

Green Pricing for wind

128.7613

156.811

0.82

Educational attainment

1479.812

2480.086

0.60

Per capita income

-0.0251818

0.044617

-0.56

Coal Mining Employment

0.0140289

0.0201186

0.70

Intercept

-383.3102

653.1836

-0.59

Pseudo R square = 0.0549
* 95% confidence level
.* 97 1;2% confidence level

tStat

Degrees of freedom = 36

As the results of the first regression indicated, the most significant variable in this
equation is the amount of class 3 or higher windy area. The expected sign for this
variable was positive, and this estimation demonstrates that it is significant in
determining both which states install wind power as well as how much wind energy
capacity they install. The other significant variable expressed in the Tobit model is the
percent required by a Renewable Portfolio Standard. The expected sign for this variable

• Statistical analysis to explain the decision whether to install any wind was also
conducted using the Probit model, a technique that allows analysis using binary variables.
In this case, the dependent variable takes on a value of one if the state has installed wind
energy capacity and a value of zero when it does not. This model predicts the likelihood
of a state to have installed wind energy capacity, but not did produce significant results.
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was positive, and this finding is consistent with the results of the second regression
analysis.
Though this estimation of the Tobit model does not produce any other significant
results, it is useful to consider the signs. The expected sign of restructuring legislation
was ambiguous, and this estimation shows it as negative, as in the fIrst regression. This
indicates, once again, that the presence of restructuring actually inhibits a state in
developing wind power. Beyond this, each of the policy incentive variables -loans, all
taxes, net metering, and disclosure - all show a positive sign, as expected. Educational
attainment, which also had a positive expected sign, also shows a positive sign in the
Tobit model results. However, per capita income, another socio-econom.ic indicator
variable with a positive expected sign, shows a negative sign, but it is statistically
insignificant. This may be due to a high degree of multicollinearity between education
and per capita income. Lastly, coalmining employment, with an ambiguous expected
sign, is estimated to have a positive sign. As explained in the second regression, this
indicates that states with higb coal mining employment are more likely to develop wind
energy capacity.
Many oftbe policy variables are correlated and those correlations may be
contributing to the low statistical significance. To purge the estimations of the effects of
this multicollinearity, the Tobit model was estimated using different combinations of
variables. Table 5 presents results that capture the three most significant influential
factors to a state developing wind power.
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Table 5. Results from Tobit model analysis for three most significant variables.

Variable

Coefficients

Standard Error

2859.884

962.267

2.97**

Percent required by RPS

245.907

141.8314

1.73*

Green Pricing for wind

0.004282

0.0017668

2.42**

Intercept

-396.1941

127.0861

Class 3+ available windy area (km

Pseudo R square =' 0.0396
... 95% confidence level
.. 97Y2% confidence level

2

)

t Stat

-3.12

Degrees of freedom =' 42

The availability of class 3 or higher windy area seems to be the most statistically
significant factor in a slate developing wind power, a consistent result among all of the
analyses. Beyond this, the percent required by a Renewable Portfolio Standard and green
pricing programs for wind energy are two other significant determining factors. Though
Tables 3 and 4 indicate that other policy incentives have a positive influence on the
development of wind power, these three variables seem to have the most statistically
signi ficant impact.

DISCUSSION
Consistently, the most significant policy variable in determining how much wind
energy capacity a state installs is the percent required by a Renewable Portfolio Standard.

As of the end of2003, 16 of the 48 contiguous states have developed a RPS, requiring the
electric utilities in that state to generate or invest in a percentage of renewable energy,
including wind. The design of Renewable Portfolio Standards can vary greatly from state
to state, with the lowest policies requiring less than one percent commitment to
renewable energy and the most aggressive policies requiring twenty or thirty percent.
Additionally, some standards are mandatory while others remain voluntary. This
statistical analysis demonstrated, however, that the most important aspect of an RPS is
the percent required commitment to renewable energy. Because wind power is the least
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cost and most developed option of all renewable technologies, it is logical that a RPS
standard will spur significant wind energy development even though it doesn't normally
target wind power.
The literature on RPS helps to understand why this study finds it to be so
important. Wiser and Langniss (2001) attribute the huge growth in wind power in Texas
almost entirely to the state's RPS. Design aspects of the RPS in Texas include long-tenn
renewable contracts (10-25 years) for electricity suppliers, penalties for delays in wind
project construction or operation, and adequate flexibility built into the policy to allow
utilities to achieve the percent required in the way that is most cost-effective for them.
''The RPS must provide sufficient confidence to renewable energy developers and retail
electricity suppliers to ensure long-term, least-cost investment in renewable energy
facilities" (Wiser and Langniss 2001).
Though Wiser and Langniss (2001) stress the importance of strong provisions in
an RPS design, even voluntary RPS mechanisms seem to encourage wind power
development. However, it is also worth noting that Iowa, Minnesota, Wisconsin, states
which have retained a traditional regulated utility setting, are fully on track to meeting
RPS requirements. Other states are lagging, but their lack of success may not be fully
attributable to restructuring.
What detennines a successful RPS? First, RPS requirements should be for new
renewable sources. Otherwise, such policies are unlikely to support development of
renewable sources. Maine is an ideal example of this with the most aggressive RPS
requirement in the nation at thirty percent. However, Maine is actually not supporting the
development of many new renewable technologies because a significantly high portion of
its electricity is generated from existing hydroelectric sources (Harris and Navarro 2000).
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Though this analysis has shown the percent required by a RPS to be the most significant
factor in influencing the development of wind power, effective RPS design is also
crucial. "Experience in several U.S. states shows that inadequate purchase obligation,
overly broad renewable energy eligibility guidelines, unclear regulatory rules, insufficient
enforcement, and wavering political support can all doom an RPS to certain failure"
(Wiser and Langniss 2001).
One of the main issues surrounding not only the development of renewable
energy, but the entire electric industry is that of restructuring legislation. As discussed in
the context of Renewable Portfolio Standards, creating an open electric market through
restructuring may hinder a state's progress in meeting its RPS requirement. Additionally,
consumers may elect electricity with the cheapest price without regard to the
environmental consequences. Though it was hypothesized that restructuring also had the
potential to support the development of a renewable market, the statistical analysis
showed that the presence of restructuring in a state actually inhibits a state in developing
wind power. It seems that consumers are taking advantage of the newly opened markets
to choose the provider with the lowest price, regardless of the envirorunental impacts.
This analysis suggests is that it is not restructuring per se that provides the boost, but the
complementary polices such as green pricing and renewable portfolio standards.
Much of the literature on this subject discusses how in some states restructuring
has supported renewable energy development with financial incentives and RPS
standards (Gielecki, Mayes, and Prete 2000). "Enactment of state electric restructuring
legislation that includes support for renewable energy and the reinstatement of the federal
production tax credit will provide an impetus for wind energy' (Gielecki, Mayes, and
Prete 2000). Despite the fact that restructuring legislation bas been delayed or suspended
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in many states, it seems that restructuring will be happening in many states across the
country in the future. Recognizing actions that can be taken within the restructuring to
support the development of wind power will be crucial to creating a renewable energy
market.
One of these actions may be green pricing for wind, which allows customers to
choose to pay an additional fee on their electric bill to cover the extra cost of renewable
energy and create a voluntary market for wind power. Table 5 shows how green pricing
can be one of the most significant influences on developing wind power, which indicates
that in the states where green pricing for wind is available, consumers are choosing to
support wind power. However, when considered within the result that restructuring has a
negative influence on the development of wind power, this seems contradictory. One
explanation for this is that 17 of the 48 contiguous slates have enacted restructuring
legislation, while 29 states have green pricing programs for wind. Consumers are able to
support wind power through green pricing programs, and green pricing is having a large
effect, both in traditional and restructured electric markets. Most importantly, states
should not wait for deregulation to start green pricing programs, because they can be
highJy efIective regardless of the status of restructuring.

In addition to the significant policy variables of RPS requirements and green
pricing, the amount of windy area in a state also proved to be significant in influencing
whether or not a state installs wind energy capacity. This means that slates with greater
wind resources are significantly more likely to develop wind power than those states
without a great wind resource. Along the same lines but not proving significant, the
amount of windy area in a state also has a positive influence of the amount of capacity
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installed. The Tobit analysis, which is able to consider both questions at once, showed the
amount of windy area to be the most significant variable.
In addition to the availability of wind and the policy variables already mentioned,

several others have been shown to have a positive, though not significant, influence on
the development of wind power. "Wind power's tremendous growth rate has been driven
by a series of market incentives and fixed prices. So ironically, Germany, the country
with the highest installation, with 10,900 MW at the end 0[2002, is one of the less windy
countries in the world" (Kipke 2003). Also demonstrating the importance of incentives to
develop wind power, Montana is ranked third in the nation for availability of class three
or higher wind resources, but only has a fraction of a megawatt of installed capacity.
Reasons for Montana '5 lack of installed wind energy capacity and deviance from the
statistical results will be explored further in the case studies section, but it can be largely
attributed to ineffective policy incentives.
According to Rader and Wiser (1999), individual policies may not be powerful
enough to encourage wind power development, but may be effective in combination or
with direct environmental regulations. "Direct environmental regulations, although not
targeted at wind power development, are an important component of energy policy.
Several of these polici1es enacted together could provide powerful encouragement for
significant wind resource development. Individually, these polic'ies cannot ensure wind
development, but they may cause some development to occur and may be useful as
incremental renewable energy support strategies" (Rader and Wiser 1999). Simi larly,
Harris and Navarro (2000) have found that no single policy incentive is sufficient.
Raising awareness about environmental issues and renewable energy may also be
important to stimulating significant development of wind power. Disclosure of fuel
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mixes, for example, may not be effective if customers are not able to understand the
implications or know how they can take action to purchase green power. States playa key
role in supporting the development of wind power, and the Energy Information
Administration found that many wind projects have been initiated because state
governments have provided additional incentives to support development (Energy
In,fonnatioJl Administration 1995).

An important example oftbis role is in providing tax incentives. This analysis
specifically examined sales tax incentives, income tax rebates, and property tax
exemptions. Though ,each ofilie individual tax incentiv,es do not seem to be influential
enough to spur wind power development, tI!le variable that combines the tax incentives
d.oes produce ,a significant effect. Table 3 indicates tbat slates witb one or more of these
tax incentives are s;ignificantly more likely to develop higher levels of wind energy

capacity. By allowing the variable to represent whether a state has one or more of the tax
incentive policies, it may become significant because states are able to employ whichever
tax incentive(s) al'e most effective for the local circumstances. 'However, each of the tax
incentives individually did not prove significant in th.eir effect on wind power
development. According to Wiser, Bolinger, and Gagliano (2002), tax. incentives alone
may not be enough to encourage substantial wind power development. Instead, it may be
important for them to be combined with other polic.ies sNch as R.enewable Portfolio
Standards (Rader and Wiser [999). The empirical results ,in this ,thesis would certainly
support that view.
The tax burdem on wind energy systems tends to be high because of the high
capital costs of development and low operational costs, especially when competing
against traditional fossil fuel facilities that tend to be exempt from sales taxes. Despite
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this, according to Rader and Wiser (1999), the savings produced by tax incentives are not
significant enough to change investment decisions. Similarly, Rader and Wiser (J 999)
showed sales tax reductions to be an incentive in the right direction, but they found them
not to be a strong enough incentive to change investment decisions.- Another problem
with ta"{ incentives is that the benefit provided to wind energy systems by a property tax
exemption comes at a cost to the local community because of lost tax revenues. In
Minnesota, property taxes are high and proj eets were expected to reap benefits of more
than one cent for kWh from a property tax exemption. However, local residents were
committed to recapturing some of these revenues and they successfully lobbied to adjust
the incentive to a partial property tax assessment for medium and large scale wind power
projects (Rader and Wiser 1999).
In addition to analyzing the policy incentives, the socio-economic indicators also
deserve mention. A study by Durham, Colby, and Longstreth (1988) on solar energy
systems found, as in this study, that college-educated households are more likely to
install than others. Additionally, it was reported that though income was not statistically
significant, it still seems to have a positive influence. It was hypothesized in this study
that the expected signs for both educational attainment and income were positive.
However, results of the Tobit analysis indicated a positive sign for educational attainment
and a negative sign for income. Possible explanations for this include a strong correlation
between educational attainment and per capita income. Because educational attainment
proved to be a more effective socio-economic indicator in early analyses, it was used in
the regression analyses. The regression analysis that considered what factors would

•

A study by Durham, Colby, and Longstreth (1988) shows that perhaps tax incentives
can be efficient when targeted at consumers rather than producers.
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influence a state's decision to install capacity showed educational anainment to have a
positive effect, while the regression analysis that considered how much capacity a state
would install showed educational attainment to have a negative effect. Similar to the
negative sign produced by the income variable in the Tobit analysis, this may be.
attributed to outliers in the data set such as states with low educational attainment levels
or low incomes and high amounts of installed capacity.
Coal mining employment was also an important indicator variable, and tbe
hypothesized sign was ambiguous. Currently, coal is used to generate more than half of
the electricity used in the United States, while wind power accounts for less than one
percent (Clean Energy 2003). According to the EPA (2001), United States coal
consumption is expected to drop by 2 million tons by 2010, and the states that produce
high sulfur coal are currently suffering severe employment losses. Loss of employment
may be a factor in states refraining from installing wind power, as states may be
concerned with protecting the coal jobs and associated industries. However, this
statistical analysis proved that this was not the case, and that states with higher coal
mining employment were actually more likely to install wind power as well as to install
greater amounts of wind energy capacity. Most likely this is may well be because states
with high coal mining employment also possess coal plants that are contributing to
pollution and related health problems and are interested in developing cleaner sources of
electricity. Further, states may be recognjzing that economic benefits can be derived from
developing wind power, including the creation of new jobs and additional revenues to
local communities and the state.
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The Federal Production Tax Credit and Debt Financing
Though there is not currently a federal tax incentive, the Energy Policy Act of
1992 created a production ta-...:: credit (PTC) for wind energy of 1.5 cents per kilowan
hour, which was payable for 10 years to both utilities and private investors (Gielecki,
Mayes, and Prete 2000). Since 2002, it has expired and been renewed several times, but
is not currently in effect (Struglinski 2003, Burnham 2004). Despite the unavailability of
the federal incentive in 2004 and though the effects of the PTC were not measurable in
the context of this statistical analysis (since the PTC does not vary by state), the literature
suggests that it has had a significant effect on the development of wind power.
In addition to playing a key role in wind power development in the past, the
federal PTC may continue to be renewed in the future. However, if the PTC is renewed, it
will be important to ensure that state incentives are structured properly so as to not
interfere with the federal incentive (Wiser, Bolinger, and Gagliano 2002). Interaction
between the federal PTC and state wind power incentives can cause the value of the PTC
to be dim.inished because of a "double-dipping" provision built into tlJ:e PTC (Rader and
Wiser 1999, Wiser, Bolinger, and Gagliano 2002). Though policy incentives such as
loans or a Renewable Portfolio Standard may be preferable because they do not offset the
value of the federal PTC, wind proj eets can sti II gain some value from state tax incentives
(Wiser, Bolinger, and Gagliano 2002). According to Wiser, Bolinger, and Gagliano
(2002), state tax incentives lose approximately forty percent of their value when used in
conjunction with the PTC, but this leaves them over half effective.
The federal PTC also can be an ineffective incentive when issues of debt
financing for wind power projects are considered. Wind projects have a much higher
perceived fmancial risk than traditional projects, based on construction delays, wind
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turbine failure, and the intennittent nature of wind. Though these concerns are well
founded, they do not make investing in wind energy technologies overly risky (Harris and
Navarro 2000). "Utility-scale wind system debt interest rates are frequently one to two
percentage points higher than rates for gas-fired projects, and projects without a secure
revenue stream typically are incapable of obtaining debt frnancmg" (Rader and Wiser
1999). Further, utilities prefer to buy output rather than build their own projects, and
wind projects obtaining reliable power purchase contracts is one of the most important
aspects of a successful renewable energy project (Kahn 1996, Redlinger, Andersen, and
Morthorst 2002). Based on these barriers to wind power development, the PTC actually
benefits equity investors and is useless for debt financing. The federal incentive could be
converted to a cash basis, which would bring wind power more in line with conventional
fossil fuels and make the cost of wind energy more competitive (Kahn 1996). Since
financing is one of the major barriers that wind energy developers face, loans are also an
important issue to consider. Loans were shown in the statistical analysis to have a
positive influence on wind power development, and Harris and Navaro (2000) state that
the greatest benefit from loans will come from longer debt maturity rather than a lower
interest rate.

The Role of State Incentives
This statistical analysis provides important insight into estimating the
effectiveness of state policies on the development of wind power. In addition to specific
analysis of the aforementioned policies, there are several important points when
considering wind power development in general. According to Backing (2003), power
systems must constantly be adapting to society's changing needs. However, he goes on to
point out that "the market provides little encouragement for rethinking the design of the
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electrical system to meet requirements beyond supplying a product" (Bocking 2003). It is
this very reason that state incentive polices playa crucial role in supporting the
development of wind power.
State governments have the power to develop policies that will encourage wind
power development. "Given that the PTC bas the single largest effect on the economic
cost of wind power of any of the policies examined, it is essential that the governors of
those states endowed with abundant wind resources work together to lobby both
Congress and the Clinton Administration for a longer time frame for the PTC" (Harris
and Navarro 2000). Though this quotation is a bit outdated and focuses on the federal
PTC, it illustrates how incentive policies can affect change as well as the power of state
governments to work toward policies more supportive of wind power. "It appears that the
solution to the greenhouse problem is highly contingent on the ability of policy makers to
begin and sustain a technological transition away from hydrocarbon based energy
technologies" (Street and Miles 1996). We are currently in a time of great potential for
wind power with advanced technologies and the lowest costs ever. However, state
support is still needed to create incentives for developing wind energy and creating a
renewable energy market.
CASE STUDIES
The following section provides a more detailed analysis of the role of state
incentives in the development of wind power. Five states were selected based on the
presence or absence of various policy incentives, the status of restructuring legislation,
and the occurrence of other illustrative circumstances like the importance of policy
design. By examining case studies, it is also hoped that the reader will gain a more io

41

depth understanding of the influence of various incentives and the role of state
government in supporting wind power development.
California
California has the greatest amount of installed wind energy capacity, with 1978
megawatts as of December 16,2003. Despite being the leader in wind power
development, California ranks eighteenth for wind resources with only 6,570 krn 2 of class
3 or higher windy area (Wind Energy Projects 2004). It is the most populated state in the
nation and one of the largest consumers of electricity (Energy Efficiency and Renewable
Energy 2003). This case study illustrates how important policy incentives can be in
developing wind power, as California has every one of the policy incentives included in
the statistical analysis. In addition to the federal support through PURPA, California had
many favorable state incentives as early as the 1980's (Bolinger and Wiser 2001). It was
primarily because of these incentives that installed wind energy capacity in California
expanded from 176 megawatts in 1982 to 1,015 in 1985 and California became a leader
in wind power (Gielecki, Mayes, and Prete 2000).
This is an interesting time for California, though, as many of the turbines installed
during the 1980's and 1990's are being replaced. Technology has developed significantly
through the past decades, and the original, smaller turbines are being replaced with larger,
more efficient ones (Energy Efficiency and Renewable Energy 2003). According to the
Office of Energy Efficiency and Renewable Energy (2003), most of these wind projects
are taking place because of the continued availability of state incentives. "Through
December 2000, $50 million of incentives had been paid to competitive electricity
suppliers that were, at the peak of the market, selling renewable power to 160,000
residential and 39,000 non-residential customers" (Bolinger and Wiser200l). In addition
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to the large-scale projects, other people are taking advantage of the incentives and small
turbine installation has recently grown as people use them to generate renewable
electricity for their homes, [anns, or small businesses. Additionally, many farmers have
been able to lease their land to wind power producers, and this additional source of
revenue is helping to stabilize rural economies in California and across the country
(Energy Efficiency and Renewable Energy 2003).
California was the third state to enact restructuring legislation and create open
electric markets, doing so on April I, 1998. A key component ofCalifomia's
restructuring legislation was a mandate requiring that $540 million be collected through a
surcharge on all electricity sales. This fund has been use to support the development of 
renewable energy, including wind power, the most economic choice of all renewable
energy technologies. This mandate was originally set to expire in 2002, but in 2000 it was
extended through 2011, demonstrating California's continued commitment to renewable
energy. Most of this funding goes to directly supporting renewable energy through
various incentives, but a portion of it also supports consumer education through different
public relations and advertising which will help create a market for wind power (Bolinger
and Wiser2001).
However, though California was an early leader in the development of wind
power because of its aggressive state incentives, its future outlook is less favorable. The
California electricity crisis during 2000 and 200 I caused near stagnation in the
development of renewable energy in the state. The enormous increases in wholesale
electricity prices during 2000 and 2001 seriously delayed retail electricity marketing in
California, and many renewable energy customers reverted back to traditional utility
service (Bolinger and Wiser2001). "Even with generous production incentives, revenue
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uncertainty - stemming from many sources - can still plague a project, implying that in
addition to providing effective incentives, state funds must remain mindful of the need
for projects to access secure power sales contracts" (Bolinger and Wiser 2002). California
has recovered from the electricity crisis of several years ago, but restructuring legislation
has been suspended in the state. Though all of the policy incentives remain in place,
California bas been reluctant to develop wind power as aggressively as before because of
the turmoil in its electric markets.

Texas
While California haS been a leader in wind power development since the 1980's,
Texas has had very rapid growth in installed wind energy capacity recently. Texas has the
second highest amount of installed capacity, with 1095.5 megawans, and also has the
windiest area in the nation, with 122,000 km 2 of class 3 or higher windy area (Wind
Energy Projects 2004). With the exception ofloans, Texas has every policy incentive
included in the analysis, including a property tax exemption, net metering, a Renewable
Portfolio Standard, disclosure, and green pricing. Additionally, "with a world-class wind
resource and limited wind power siting constraints, wind projects can be built in large
increments, capturing cost reductions due to economies of scale" (Wiser and Langniss
2001). Texas has anticipated the declining costs of wind power and installed a significant
amount of wind energy capacity recently. This gives the state some level of security from
the rising costs of other fuel sources as well as helps to meet changing environmental
standards (Gielecki, Mayes, and Prete 2000). Most importantly, though, Texas possesses
the complementary policy incentives and market mechanisms that are essential for
renewable energy development (Wiser and Langniss 2001).
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Texas has enacted restructuring legislation and the electric market opened to
competition in 2002. Within seven years of the initial restructuring, utilities are required
to develop two thousand megawatts ofrenewab1e energy capacity, including wind
energy, because of the requirements set forth by the Renewable Portfolio Standard
(Guey-Lee 2001). Texas has made a serious commitment to its Renewable Portfolio
Standard and utilities have taken a proactive approach (Wiser and Langniss 2001). In
their article on "The Renewable Portfolio Standard in Texas: An Early Assessment,"
Wiser and Langniss (2001) discuss several key components of Texas' RPS design.
Firstly, electricity suppliers must sign long-tenn (10-25 year) contracts to meet their RPS
requirements. These contracts also penalize delays in project construction or operation, so
Texas developers have little incentive to propose projects that may not be successfully
completed. Adequate flexibility is built into the RPS design, and utilities meeting RPS
requirements through trading renewable energy certificates allow cost-effectiveness.
Strong penalties for non-compliance with the RPS - either 5 cents per missing kWh or
200% of the average trade value of the certificates are included in the program design. In
addition to the effective RPS design, early compliance with RPS standards was
encouraged by the presence of the federal PTC because it reduced compliance costs and
wind power producers were concerned that the PTC might not be renewed in the future.
Though the PTe has not been renewed, Texas remains well on track to meeting its RPS
requirements because of its effective policy design.
Though several large-scale wind projects have been constructed in Texas,
significant wind power development has also occurred on Texas agricultural land, with
farmers and rural residents installing wind turbines (State Energy Conservation Office
2001). The recent rapid growth in installed wind energy capacity in Texas indicates the
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effectiveness and the depth of the policy incentives in the state. In addition to the
commitment to wind power by the state government, Texas is also a state with high coal
mining employment. The statistical analysis showed that states in such a situation as
more likely to develop wind power, and wind energy capacity being developed by Texas
will help reduce the dependence on coal in the state. The aforementioned interest by
Texas in being able to meet changing environmental standards also compliments the
commitment by the state to renewable energy (Gielecki, Mayes, and Prete 2000).

Montana
Similar to Texas, Montana has an abundant wind resource, with 99,500 km 2 of
class 3 or higher windy area. However, Montana only has 0.1 megawatts of installed
wind energy capacity (Wind Energy Projects 2004). Contrasted with California and
Texas, Montana is sparsely populated and consumes low amounts of electricity, but this
does not explain the state's failure to develop wind power (Energy Efficiency and
Renewable Energy 2003). As this case study comparison will demonstrate, the reasons
are more complex.
Montana enacted restructuring legislation in May 1997, requiring retail choice by
large utilities initially and for all utility customers by July 2002. However, in 2000,
Montana extended the deadline for full customer choice for two years; electric industries
can choose whether or not to participate in retail competition until July 2004. The
deadline was extended because Montana felt that its competitive electric market was not

fully workable, and electricity rates soared after initial enactment of restructuring
legislation (Bolinger and Wiser 2001, Bocking 2003). As of April 2001, less than one
percent of Montana electricity customers had chosen competitive retail suppliers. Those
who have not selected a competitive electricity supplier by July 2004 will be assigned to
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one. Additionally, currently no competitive renewable energy suppliers have entered the
market, though one electric cooperative offers green pricing. A system benefits charge
was also established within the restructuring legislation, whereby Montana utilities
collect a surcharge on electricity sales to support renewable energy. Though this fund has
the potential to generate nearly $14 million per year, only one power company has been
active in allocating the funds to' renewable energy projects, which demonstrates another
flaw in Montana's restructuring legislation (Bolinger and Wiser 2001).
Because oftbe delays in enacting restructuring legislation, Montana is not
considered to have a deregulated electric market. The statistical analysis showed that the
presence of restructuring in a state actually inhibits a state in developing wind power, so
it could be hypothesized that Montana's lack of restructuring may support the
development of wind power. Clearly this is Dot the case, and maybe it is Montana's
transitional status with restructuring legislation written but not enacted that is hindering
its development of wind power. Montana's attempt to deregulate the electric market has
many structural and management issues, and these may carry over into other sectors, such
as supporting wind power. Clearly, other factors besides the restructuring delays must be
inhibiting Montana's progress in taking advantage of its abundant wind resource.
Most importantly, Montana lacks a Renewable Portfolio Standard. Renewable
Portfolio Standards were consistently shown to be one of the most influential variables in
determining which states develop wind power. Though Montana does have several policy
incentives, including income tax rebates, property tax exemptions, net metering, and
green pricing, its failure to develop a RPS may be having a significant effect on the
extremely low amount of installed capacity the state currently bas.
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Some progress is being made in Montana, though. Montana Power Company, the
only utility to successfully collect and allocate its system benefits charge, cornmit1ed $1.5
million through a three-year production incentive for 3 megawans of wind power on the
Blackfeet Indian Reservation, a portion of a larger 22 megawat1 project (Bolinger and
Wiser 2001). Also, some improvement is evident in the status of restructuring with
Montana Governor Judy Martz signing a bill into law in 2003 that revises restructuring
legislation. The new law requires a universal system benefits charge through 2005 that
will help to support the development of renewable energy. Additionally, the law requires
all of Montana's utilities to offer green pricing to customers. These changes have the
potential to provide a great impetus for change, with green pricing demonstrating a
positive significance in influencing wind power development in the statistical analysis
(Bills 2003). Despite the presence of various policy incentives, though, Montana may
continue to struggle to develop its abundant wind resource without a Renewable Portfolio
Standard. Montana seems to be moving in the right direction toward developing wind
power, but the policy incentives do not currently provide enough support to spur
tremendous growth.

Minnesota
Minnesota has the fourth highest amount of installed wind energy capacity, but its
378.5 megawans are far less than the installed capacity of Texas and California (Wind
Energy Projects 2004). However, the 226 megawatts of wind power developed in
Minnesota in 2003 represent more installed capacity than any other state had that year
(American Wind Energy Association 2004). Minnesota also has an excellent wind
resource, with 61,900 km 2 of class 3 or higher windy area, but has only recently begun to
capitalize on the benefits of installing wind power (Wind Energy Projects 2004).
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Minnesota is an interesting case to consider because the state has not yet restructured but
has all of the policy incentives considered in the statistical analysis.
States should not wait for deregulation to start developing incentives that support
the development of wind power, and many policies can be quite effective even in a
regulated market. Based on the presumption that Minnesota is moving toward a
deregulated electric market with legislation being introduced to the Senate and the House
but not passing, Miru1esota may have great success in the future because it has already
enacted numerous incentives to support the development of wind power. However,
though results indicated that the presence of restructuring actually inhibits the
development of wind power in a state, this case study will also show that the regulated
market in Minnesota may also be hindering its ability to take full advantage of its
abundant wind resources.
Minnesota is also a very unique case because one of the utilities, Northern States
Power, was granted permission in 1994 to store spent nuclear fuel near one of its nuclear
power plants in exchange for developing wind energy capacity (Guey-Lee 2001). Though
wind energy development in Minnesota was initially spurred by a utility's desire to store
nuclear waste, the state has made a commitment to wind power and bas numerous policy
incentives in place. They include loans, sales tax incentives, income tax rebates, property
tax exemptions, net metering, a Renewable Portfolio Standard, disclosure, and green
pncmg.
Two Minnesota utilities offer green pricing programs, and green pricing has been
shown to be effective in supporting wind power, including outside of restructured electric
markets. One utility has explored an interesting twist on green pricing by building its own
two megawatt wind project in 1999. The project was financed both through state
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incentives and customers choosing green pricing. The p~oject became financially feasible
within one year, and the wind power generated is sold to customers in 100 kilowatt-hour
blocks for two additional dollars per mon~ and customers can purchase as many blocks
as their average monthly electric use (Minnesota Department of Commerce 2000).
According to the National Renewable Energy Laboratory (2000), more than four hundred
customers had joined within three weeks of the program starting, and as of 2000, fifteen
hundred had subscribed. The program currently has a waiting list that indicates additional
demand for green power, but Minnesota may have trouble meeting this demand because
the electric market is not restructured. Further, the lack of an open electrical market may
prevent all customers from being able to choose green electricity.
Minnesota has also adopted a Renewable Portfolio Standard outside of
restructuring. According to Peter R. Smith (2003), President of the New York State
Energy Research and Development Authority, the states, including Minnesota, which
have developed an RPS within a regulated electric market, are fully on track to meeting
the requirements. It is also worth noting that Minnesota is one of three states that have
developed voluntary RPS requirements, but this does not seem to be affecting
Minnesota's success in achieving continued development of wind power (Renewable
Portfolio Standard Map 2004). Utilities are encouraged, but not mandated, to increase
their share of renewable generation by a specified amount, and they are meeting the goals
(Minnesota Department of Commerce 2000).
In addition to several large-scale projects in Minnesota, many projects of 40

kilowatts capacity or less that qualify for the net metering programs have been built in the
state. The Minnesota Department of Comm-erce (2000) has estimated that almost one
hWldred small-scale projects were operating in the state as of 1999, and these projects
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produced nearly 700 megawatt-hours of electricity. In addition to continuing to develop
large-scale wind projects, Minnesota has also made a commitment to expanding the
benefits of wind energy to farmers and rural communities. The state has created an
education program with workshops on' wind energy development for small landowners
and community leaders. This interesting approach could be expected to not only help to
develop wind power, but also to raise awareness about environmental issues and
renewable energy, therefore creating support for wind energy.

Maine
Though Maine's wind resource is not as abundant as the previous case studies, the
state has a significant amount of windy area, particularly in the western mountain region
(Carroll 1998). However, Maine currently has 0.1 megawatts of installed wind energy
capacity. Several projects have been proposed, but are proving very controversial, and
this case study will demonstrate how local factors may hinder statewide development of
wind power. Additionally, though Maine is moving in the right direction with several
proposed wind power projects, the policy incentives in the state are nof extensive.
Maine currently has a Renewable Portfolio Standard, net metering, and disclosure
of fuel mixes. However, the state does not have loans, any form of tax incentive, or green
pricing for wind. Beyond this lack of important policies, the requirements in Maine's
RPS may not be effective in supporting the development of wind power. The thirty
percent renewable energy generation that is required by Maine's RPS is the highest in the
nation, but because hydropower generation qualifies, the policy is not as aggressive as it
seems. According to Wiser, Porter, and Clemmer (2000), Maine's electricity mix already
consists of 45 to 50 percent renewable energy, the majority of which is from hydropower.
Maine is an example of how important the magnitude of the percentage requirement is
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when compared to the ClUTent percent supplied. It is unlikely, even jf Maine wishes to
develop wind power, that this RPS will have any effect on spurring new wind projects
unless the RPS percentage requirement is raised.
Despite the ineffectiveness of the RPS and the lack of several other key policies,
wind projects have currently been proposed in Maine. These include a proposed 33
turbine project in Mars Hill and a proposed 29 turbine project in Redington. Both
projects, particularly the Redington site because it is very close to the Appalachian Trail,
provide good illustrations oftbe debate between environmentalists and conservationists.
Groups that are usually allies are finding themselves in a complex situation with
environmentalists supporting renewable energy and conservationists protecting view
sheds. Because of this, both projects have been delayed and are surrounded by a
significant amount of debate (Arnold 2003).
Though local factors may be hindering the development of these projects, Maine
does seem to be making a commitment to wind power. Governor Baldacci has stated a
goal for the state government to buy at least half of its electricity from renewable power
sources in the future. It is planned that the cost will be offset by making energy
conservation improvements in all state buildings (Meeting Maine's Environmental Needs
2003). However, if Maine wants to truly make a comminnent to wind power, the state
needs to adjust its RPS requirements and enact other policies such as tax incentives and

green pncmg.
CONCLUSIONS
The empirical results in this study show that the availability of wind influences
which states install wind power. However, of the states with installed wind energy
capacity, the mere availability of wind power is not enough to influence the amount of
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capacity installed. Government polices are an important component in determining which
states develop wind power, but the empirical results suggest that all government polices
are not equal in their impact. This study determined that the most important policy is a
Renewable Portfolio Standard, followed by green pricing. Green pricing may be
especially important in a restructured electric market, as consumers are able to dictate the
types of power generation supplied, but it can also have a significant impact in a
regulated market. Other common measures such as state tax mcentives seem to have been
less effective, though they still exert a positive influence on wind power development.
The case studies illustrate how crucial a state government's corrunitment to developing
wind power can be as well as the importance of supporting that commitment with
appropriate and effective policy incentives. Given these findings, the next sect-ion
provides some policy recommendations for continuing the development of wind power in
the United States.
Policy Recommendations
The empirical results show the presence of restructuring legislation in a state to
have a negative influence on the development of wind power, but the case studies show
that appropriate policies within restructuring can actually be more effective than in a
regulated market. Therefore, support mechanisms for wind energy are crucial in a
restructured electric market, but can also be important in regulated markets. The most
important policy incentives include the percent required by a Renewable Portfolio
Standard, green pricing, and tax incentives, but it could be argued that the United States
should also consider energy efficiency and conservation.
Though it is difficult to determine the interaction between various policies, it is
clear that nearly all considered in the statistical analyses have a positive influence on the
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development of wind power. ''Regulatory mandates and financial incentives can produce
similar results, but regulatory mandates generally require no expenditures or loss of
revenue by the Government" (Gielecki, Mayes, and Prete 2000). All state governments,
regardless of budgetary concerns, can develop a RPS or green pricing programs. It is
important for consumers to have infonnation about wind power and be able to choose to
support renewable sources. Other financial incentives can also be effective, particularly
tax incentives, and are complimentary to regulatory mandates. The case studies

demonstrated the importance of effective policy design, particularly in tenns of
Renewable Portfolio Standard requirements. Moreover, the most effective policies are
focused on supporting the development of new renewable energy generation.
Consideration of the federal PTC also showed how it can be especially important to
consider the wind energy developer's ability to take advantage of the fulJ value of the
incentive (Rader and Wiser 1999).
Based on the results presented in this paper, states that are most likely to develop
wind power are those with the presence of various policy incentives. Policy incentives are
crucial to supporting the development of a state's wind energy capacity and creating a
market for wind power. However, the wind energy industry needs to be able to compete
for markets even after the supporting policies are removed. This means that permanent
change in the energy market is necessary to create a lasting demand for renewable energy
(Wiser, Porter, and Clemmer 2000). According to Speth (1992) in his article entitled
"The Transition to a Sustainable Society," "The only way to reduce pollution and
resource consumption while achieving expected economic growth is to bring about a
wholesale transformation in the technologies that today dominate manufacturing, energy,
transportation, and agriculture." A combination of policies that are focused both toward
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electricity users (green pricing) and electricity generators (RPS) may be most effective in
creating a permanent market for wind power.

Further Research
Though this paper presents several interesting and significant findings, the study
could be improved in several areas. The statistical analysis included various policy
incentives as well as different physical variables and socio-economic indicators.
However, at least two other policy incentives, system benefits charges and grants
(discussed in detail below), could provide additional insight into estimating the impact of
state policy incentives on the development of wind power. Additionally, though the
stati"stical analyses produced meanillgful results, it is difficult to separate the interaction
between various policy incentiv·es. In particular multicollinearity may have caused many
variables to show positive signs, but not be statistically significant. Despite this, several
variables were statistically significant and imferences can be made from the signs of the
others. But., if it were poss~ble 'to lease out the relative influence of each policy, those
resllHs could be especiaHy powerful and useful to state governments. Additionally, it
would be worthwhile to estimate if the length of time a state's Renewable Portfolio
Standard bas been in pbce is significant, as weB as if the differences in the percent
requirements have an impact on the policy's effectiveness.
One policy incentive that was not ,included in the statistical analysis because of a
lack of precise data is the system benefits charge. A system benefits charge, discussed
briefly in the California case study, is a fee charged to electricity consumers that provides
funding to support renewable energy technologies. According to Bolinger and Wiser
(2001), the system benefits programs in states will collect approximately $3.5 billion
between 1998 and 2012. This funding mechanism has the potential to make renewable
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energy more mainstream, especially in combination with policy incentives like the RPS
and green pricing.
Grants are another policy incentive that have the potential to positively influence
the development of wind power, but were excluded from the statistical analysis because
of a lack of information. According to Rader and Wiser (1999), grants can be more
effective than an equivalently sized tax incentive because the investor is able to receive
direct benefits and take full advantage of the incentive. Green marketing would also be an
interesting support to wind power to explore in the future. In addition to having the
ability to choose to purchase green power through green pricing programs, consumers
also need information about their electricity purchases. Disclosure should provide this
infonnation, but green marketing can go well beyond simple disclosure to inform
consumers about the differences between renewable and conventional energy sources,
environmental issues, as well as how to purchase green power (Rader and Wiser 1999).
Estimating the effectiveness of green marketing programs could provide a useful
supplement to this analysis.

In conclusion, these results, which indicate the potential for policy incentives to
influence wind power development, should encourage states that have not provided
.

.

appropriate incentives to do so. The evidence shows that policy incentives are not only
necessary, but that they are effective. Wind power is increasingly becoming an alternative
to conventional fuel sources, and this is an important time for the United States to make a
commitment to renewable energy. Public opinion polls show that Americans are in favor
of wind power, and states now have both the opportunity and the means to accept this
challenge.

56

LITERATURE CITED
American Wind Energy Association. (2002). '"The Most Frequently Asked Questions
about Wind Energy." American Wind Energy Association:]-28.
American Wind Energy Association. (2003). "Global Wind Energy Market Report."
American Wind Energy Association:] -5.
American Wind Energy Asso6ation. (2003). "Wind Power Outlook 2003." American
Wi.nd Energy Association: 1-6.
American W,ind Energy Association. (2004). "Wind Power Outlook 2004." American
Wind Energy Association: 1-6.
Arnold, D. "Wind Proposals Sweeping Region." The Boston Globe 3 Apr 2003.
Associated Press. «Mars Hill Wilnd Farm Gaining Support." Portland Press Herald
!O Mar 2004.
B~lIs. Online. Montana State Legislature. AvaHable
http://data.opi.state. mt. uslbi Us/20031bi lllhfmlIHB05 09. I1tm. Updated April 26, 2003
[accessed 4/7/04].
Bocking, S. (20()3). "Now that the Lights are Back On." Political Science 29:36-37.
Bolinger, M., R. Wiser., L. Milford, M. Stoddard, and K. P'orter. (2001). "Clean Energy
funds: An Overview of State Support fof' Renewable Energy." US. Department of
Energy (LBNL-47705): 1- ]07.
Bolinger, M. and R. Wiser. (2002). "Utility-scale Renewable Energy Projects: A Survey
of Clean Energy Fund Support." Clean Energy Funds Network (LBNL-49667):2-19.
Borensteiln, S. "2003 is World's Second-Warmest Year." PhiTadelprua InquiFer 16 Jan
2004.
Burnham, M. "Much at Stake for Wind Power in Energy Bill." Environment & Energy
Daily 19 Feb 2004.
Caldwell, 1. (2003). "Rising Wind - Time to Take a Closer Look." Power Engineering
107:69.
Carroll, C. 1998. Wind Energy. Department ofEcononUc and Community Development,
Augusta, Maine, 67 pp.
Chapman, J., W. Wiese, E. DeMeo, and A. Serchuk. (1998). "Expanding Wind Power:
Can Americans Afford It?" Renewable Energy Policy Project 6: 1-24.
Clean Energy. Online. Union ofConcemed Scientists. Available
http://www .ucsusa.org/c1ean_energy/renewable_energy/page.cfm?pageID=994.
Updated December 8,2003 [accessed 4/8/04].
Durham, C.A., B.G. Colby, and M. Longstreth. (1988). '"The Impact of State Tax Credits
and Energy Prices on Adoption of Solar Energy Systems." Land Economics 64:347
355.
Elliot, D.L., C.G. Holladay. W.R. Barchet, H.P. Foote, and W.F. Sandusky. (1986).
"Wind Energy Resource Atlas of the United States." Pacific Northwest Laboratory,
DOE/eH 10093-4:1-16.
Energy Efficiency and Renewable Energy. (2003). "Wind Fanns and Wind Farmers."
U.S. Department of Energy: 1- 3.
Energy Information Administration. (1995). "Wind." Renewable Energy Annual 1995,
DOE/EIA-060395:83-97.
Energy Information Administration. (1998). "Wind." Renewable Energy 1998: Issues and
Trends, DOEIEIA-0628(98):1-33.
57

Environmental Protection Agency. (2001). "Impacts of the Acid Rain Program on Coal
Industry Employment." Environmental Protection Agency 430-R-OI-002: 1-19.
Farhar, B.C. (1996). "Energy and the environment: The public view." Renewable Energy
Policy Project:2-11
Gielecki, M., F. Mayes, and L. Prete. (2000). "Incentives, Mandates, and Government
Programs for Promoting Renewable Energy." Renewable Energy 2000: Issues and
Trends, DOEfEIA-0628(2000): 1-17.
Goad, M. "Region is missing its mark for pollution cuts." Portland Press Herald 4 Sept
2003.
Gray, T.O. (2002). ''Views on the environment: Clean and green." American Wind
Energy Association: 1-1 O.
Guey-Lee, L. (1998). "Wind Energy Developments: Incentives in Selected Countries."
Renewable Energy 1998: Issues and Trends, DOEIEIA-0628(98):79-86.
Guey-Lee, L. (2001). ''Forces behind wind power." Renewable Energy 2000: Issues and
Trends, DOEIEIA-0628(2000):73-112.
Gustavson, M.R. (1979). "Limits to Wind Power Utilization." Science 204: 13-17.
Harris, F. and P. Navarro. (2000). "Promoting Wind Energy Development in an Era of
Restructuring." The Electricity Joumal:34-39.
Hirsh, R.F. and A.H. Serchuk. (1999) "Power Switch: Will the Restructured Electric
Utility Help the Environment?" Environment 41 :4-9; 32-39.
Bustin, Anita. "Enviros Mixed on Alternative Energy Proposals." Washington Post
20 May 2003.
.
Jacobson, M.Z. and G.M. Masters. (2001). ''Exploiting Wind Versus CoaL" Science 293:
1438.
Kahn, E. (1996). ''The Production Tax Credit for Wind Turbine Powerplants is an
Ineffecti.ve Iincentive." Energy Policy 24:437-435.
Kennedy, P. 2003. A Guide to Econometrics. The MIT Press, Cambridge, Massachusetts,
623 pp.
Kipke, R. (2003). "A Storm Brewing." Power Engineer 17: 12-13.
Krukowski, J. (2001). "Not the Final Word on CO2 Reductions." Pollution Engineering
33:10-11.
Meeting Maine's Environmental Needs. Online. Office of the Gov,ernor. Available:
http://www.state.me.l!ls/govemorlbaldacci/visionJenvironmenthtmJ. Updated June 27,
2003 [accessed 4/8/0A].
Minnesota Department of Commerce. (2'000). "Harvesting the Wmd: Mirulesota's
Gmwing Wind Energy Industry." Minnesota Department of Commerce: 1-4.
National Renewable Energy Laboratory. (2000) "Wind Powering America: Minnesota."
U.S. Department of EneFgy DOE/GO-W2000-0999:1-2.
Northrop. M. (2004). "Early R:educers." The Environmental Forum 2J: 17-29.
Peltier, R. (2003). "Wind Projects Grow Up." Power 147:47-53.
Rader, N. and R. Wiser. (1999). "Stra~egies for Supporting Wind Energy; A Review and
Analysis of State Policy Options." Nationa1 Wind Coordinating Cornmittee:xi-I60.
5l
Redringer, R.Y., P.D. Andersell, and P.E. Morthorst 2002. Wind Energy in the 21
Century. Patgrave, New York, New York, 245 pp.
Renewable Portfolio Standard Map. Online. Rellewa:ble Energy Policy Project. Available
http://www.repp.orglrps_map.htmL Updated January 1, 2004 [accessed 11/12/03].

58

Samuelsohn, D. "Northeast States Pledge C02 Cap-and-Trade Program." Greenwire 25
July 2003.
Smith, P.R. (2003). "Preliminary Investigation into Establishing a Renewable Portfolio
St~dard in New York." New York State Energy Research and Development
Authority: 1-7.
Speth, J.G. (1992). ''The Transition to a Sustainable Society." Proceeding of the National
Academy of Sciences of the United States of America 89:870-872.
State Energy Conservation Office. (2001). "Wind power basics." Renewable Energy: The
Inftnite Power of Texas: 1-4.
State Energy Conservation Office. (2001). "Roping the Texas Breezes." Renewable
Energy: The Infinite Power of Texas; 1-4.
Street, P. and 1. Mi les. '(1996). "Transition to Alternative Energy Supply Technologies."
Energy Policy 24:413-425.
Sterzinger, G., F. Beck, and D. Kostiuk. (2003). ''The Effect of Wind Development on
Local Property Values." Renewable Energy Policy Project: 1-77.
Struglinski, S. "Bill Calls for 1O-year Tax Credit Extension." Greenwire 24 Jan 2003.
Summary of Green Pricing Programs. Online. The Green Power Network. Available:
http://www.eere.energy.gov/greenpower/summary.shtml. Updated March 31, 2004
[accessed 11/12/03).
Wind Energy Projects. Online. American Wind Energy Association. Available:
http://www.awea.orglprojectsJindex.html. Updated January 12,2004 [accessed
10/12/03].
Wiser, R.) M. Bolinger., and T. Gagliano (2002). "Analyzing the Interaction Between
State Tax Incentives and the Federal Production Tax Credit for Wind Power." U.S.
Department of Energy, LBNL-51465: 1-1l.
Wiser, R., K. Porter, and S. Clemmer. (2000). "Emerging Markets for Renewable
Energy: The Role of State Policies during the Restructuring." The Electricity Journal
13:13-24.
Wiser, R. and O. Langniss. (200l). 'The Renewable Portfolio Standard in Texas: An
Early Assessment." U.S. Department of Energy LBNL-49 107:7-19.
Zucchet, MJ. (1995). "Renewable Resource Electricity in the Changing Regulatory
Environment." Renewable Energy Annual 1995, DOElEIA-0603(95):xxv-xxxii.

59

APPENDIX I
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Alabama
Arizona
Arkansas
Caifornia
Colorado
Connecticut
Delaware
Florida
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Idaho
rninois
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Kansas
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Michigan
Minnesota
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o
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0
455
0
0
0
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0
0
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0
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0
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0
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2,435
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0
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0
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